The effects of induction of anaesthesia with sevoflurane and isoflurane were studied in rabbits. All rabbits had periods of apnoea (ranging from 30-180 s) during induction which resulted in moderate hypercapnia and acidosis. Arterial pC02 rose from 4.1 ± 0.3 kPa to a peak of 7.6 ± 0.4 kPa (mean ± SOl (both agents). All animals showed a significant reduction in heart rate (P < 0.051. Heart rate (HR) fell from 226 ± 33 to a minimum during induction of 57 ± 32 (sevoflurane) and 199 ± 41 to 45 ± 11 (isoflurane). Most animals struggled violently during induction. Use of sevoflurane did not prevent the breath-holding response seen during induction of anaesthesia with other volatile anaesthetics in this species, and the severe apnoea which occurs may represent a significant hazard. The behaviour of the animals indicated that both sevoflurane and isoflurane are aversive, suggesting that this technique should be avoided whenever possible.
A significant advantage of the use of volatile anaesthetics is that animals recover consciousness rapidly, particularly after short periods of anaesthesia. When it is necessary to use rabbits as animal models in biomedical research, it is often important to minimize possible interactions between the anaesthetic regimen used and a particular experimental protocol. In these circumstances it may be advantageous to avoid the use of several different anaesthetic agents, and induce and maintain anaesthesia solely with a volatile agent. Previous studies in rabbits have shown that induction of anaesthesia with either isoflurane or halothane was not well-tolerated. (Flecknell et al. 1995 , Flecknell & Liles 1996 . When using a face mask, animals struggled violently when either volatile agent was delivered, but delivery of oxygen via a mask caused no behavioural Correspondence to: Prof Paul Flecknell, Comparative Biology Centre, University of Newcastle, Framlington Place, Newcastle upon Tyne NE2 4HH, UK Accepted 15 Apri I 1998 response. When the agents were delivered in an anaesthetic chamber, the animals positioned themselves with their noses at the top of the chamber, so avoiding inhalation of the vapour for as long as possible. When anaesthetic vapour reached the top of the chamber the animals made violent attempts to escape the chamber. Animals in all groups showed a breath-holding response when exposed to either halothane or isoflurane, This triggered a diving reflex and a consequent bradycardia. In addition, the relatively prolonged periods of apnoea (30-120 s) resulted in hypercapnia and acidosis. It was considered that this response represented an aversive response by the rabbit to exposure to the volatile anaesthetic and also increased the risk of anaesthetic-associated mortality, Sevoflurane is a volatile, non-flammable anaesthetic with little or no pungent odour, It has a relatively high blood-gas partition coefficient 10.6-0,7) so that induction and recovery are rapid in comparison with other volatile agents such as methoxyflurane, halothane and isoflurane (Young & Apfelbaum 1995) . Sevoflurane has been shown to be non-irritant in man, and has been reported to be particularly useful for face-mask induction of children (Patel & Goa 1996) . The present study was undertaken to assess whether the induction of anaesthesia in rabbits with sevoflurane could be accomplished without triggering a breath-holding response.
Materials and methods

Animals
Young adult female New Zealand White rabbits (body weight 3.4 ± 0.3 kg, mean ± ISD) were obtained from a commercial supplier. The rabbits were free from recognized respiratory pathogens. (Bordetella and Pasteurella sppl, and were maintained in a unit that obtained all rabbits from colonies which were free from such pathogens. Animals were group-housed in floor pens on dust-free shavings ('Gold Shavings', S.D.S., Witham, Essex, UK) at a stocking density of 6000 cm 2 /animal, and fed a commercial pelleted diet ad libitum (Rabma pellets, S.D.S., Witham, Essex, UKl and autoclaved hay. Room temperature was maintained at 18 ± 1°C, relative humidity 50%, with 18 air changes/hour. Six rabbits were used, each animal undergoing three anaesthetics with an interval of at least 7 days between treatments. A randomized block design was used for the initial study, a comparison of isoflurane and sevoflurane induction. Subsequently a second investigation was undertaken, using an alternative induction technique with sevoflurane.
Apparatus
A small rubber face mask (Alfred Cox (Surgical) Ltd, Edward Road, Coulsdon, Surrey CR3 2XA, UK) attached to an unmodified Bain's circuit was used for mask induction. The mask was modified to allow a cannula to be placed at the apex of the mask, close to the fresh gas inlet. This was connected to an MR 11 respiratory monitor (Graseby Dynamics, Watford, Herts, UK) to monitor respiratory rate.
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Isoflurane was delivered in 100% oxygen (4 l/min) from an Isotec Mark III vaporizer (Cyprane, Keighley, Yorks), and sevoflurane from a temperature and flow compensated vaporizer (Blease, Chiltern Court, Asheridge Road, Chesham, Bucks). Electrodes were placed on the skin on the medial aspects of the upper forelegs and left hindleg of the rabbits, and the electrocardiogram recorded using a standard three lead system connected to electronic monitoring apparatus ('Supermon' Kontron Ltd, St Albans, Herts). This apparatus was also used to record arterial blood pressure from a cannula (22G, Intravalve, Ecouen, France) placed in the central ear artery. A second catheter was inserted into the other ear artery, to avoid loss of blood pressure data during sampling for blood gas analysis. Blood gas analysis was performed using a Stat Profile 3 (Nova Biomedical, Waltham, USA). The rabbits had local anaesthetic (EMLA, Astra Pharmaceutical Ltd, Kings Langley, UKI applied to their ears one hour before commencing the study, to prevent any pain during placement of the 'over-the-needle' catheters (Flecknell et a1. 1990 ).
All catheters and electrocardiogram (ECG) leads were passed through a stockinette bandage, which was applied around the shoulders. The Kontron blood pressure module and the polygraph were interfaced to a microcomputer (Gateway P120, Gateway 2000, Dublin) via aCED 1401 analogue to digital laboratory interface (Cambridge Electronic Design Ltd, Science Park, Milton Road, Cambridge) which enabled continuous storage of the blood pressure and ECG signals on the computer hard disc.
Induction technique
Study 1 The animals were prepared as described above. After a 5-10 min period, baseline measurements were recorded. The animal was restrained manually by holding it gently but firmly, positioning the operator's arms on either side of the animal's body. Both hands were used to hold the face mask in position. The operator leant over the rabbit, so that the hind quarters and lower back were in apposition to the operator's abdomen. This enabled firm restraint to be given to the animal and its back supported if it struggled during induction. After placement of the face mask 100% oxygen was provided for 120 sat a fresh gas flow rate of 4 l;min. Any struggling was noted by an observer, and this was used to assess the quality of induction. After this initial period, isoflurane was delivered at a rising concentration, with 0.5% increments in vaporizer setting every 30 s, rising to a vaporizer setting of 5%. Sevoflurane was delivered in a similar manner, with 1% increments every 30 s, rising to a vaporizer setting of 7%. The anaesthetic gas concentration was maintained at this maximum level until induction was complete. Following completion of induction, the anaesthetic circuit was flushed with oxygen 18l;minl for at least 10 min to remove anaesthetic which had been absorbed by the rubber and plastic components.
Blood samples (0.5 ml) were removed for blood gas analysis at 2-min intervals, and respiratory rate counted using the MR respiratory monitor. Periods of apnoea were noted and logged in the data acquisition system. After induction was complete, based on loss of righting reflex, loss of hind-limb pedal withdrawal reflex, and onset of regular, quiet respiration, anaesthesia was discontinued and the catheters and ECG leads removed. The animal was observed until it regained its righting reflex, and was then placed in an incubator maintained at 32°C until fully recovered from anaesthesia. Study 2 The procedures were identical to Study I, except that after breathing oxygen for 2 min, the animals immediately received the maximum possible concentration of sevoflurane (8%).
Statistical methods and data processing
All statistical analyses were performed using the computer program SPSS(SPSSInc., Chicago, Illinois, USA), using Student's paired ttest. The heart rate and blood pressure data were analysed using Spike 2 software (Cambridge Electronic Design Ltd, Science Park, Milton Road, Cambridgel, and were inspected for any arrhythmias. The heart rate and 43 blood pressure at the start of the induction period (t = 0) and at the end of anaesthesia were noted. The heart rate and blood pressure were noted at 2-min intervals, and the maximum interval between successive heart beats which occurred during induction was noted. This interval was used to indicate the lowest heart rate which occurred during induction. The blood gas values at time = a, and the maximum rise in pC02 and fall in p02 and pH were noted.
Results
Study 1: comparison of sevoflurane with isoflurane
Initially all animals were markedly tachypnoeic (188±32 bpm isoflurane, 227 ± 44 bpm sevoflurane), with no significant difference between groups (P > 0.01). placement of the face mask and administration of oxygen did not cause any change in respiratory rate. After the introduction of isoflurane or sevoflurane, all animals became apnoeic within the first 60 s of exposure to the anaesthetic vapour. After a variable period (30-180 s) a breath was taken, followed by further periods of apnoea. The maximum duration of apnoea and increase in arterial pC02 was not significantly different between groups (P> 0.1) (Tables 1 and 2) .
Most animals attempted to escape from their restraint, either immediately following first exposure to the anaesthetic vapour, or following an initial period of apnoea. With both treatments, the periods of apnoea subsided and a normal respiratory pattern was re-established as the animal lost consciousness. During the periods of apnoea all animals showed a significant reduction in heart rate (F < 0.051. (Table 2 ). The bradycardia was not associated with any arrhythmias. Mean arterial blood pressure rose slightly during induction, and subsequently fell as the anaesthetic induction was completed (Table  3) . The blood pressures at the start and end of induction, and the maximum pressures during induction did not differ significantly between the isoflurane and sevoflurane groups (P> 0.1). Induction of anaesthesia was considered complete in6 min (range 4-7 min) (isoflurane) and 5.5 min (range Values are mean± 15D.Data at t=O were recorded immediately before the onset of induction. Data at t= low and t= high are the maximum changes from baseline recorded during induction 5-7 min) (sevofluranel, and was not significantly different between the two agents (P>O.l).
Study 2: immediate exposure to 8% sevoflurane The responses to exposure to an initial high concentration of sevoflurane were not significantly different to those seen in Study 1 (Tables 1 and 2) . As before, placement of the mask and delivery of 100% oxygen had no significant effect on respiratory rate. Within 15 s of exposure to sevo£lurane (8%) all animals became apnoeic for periods of 30-140 s.
Induction time was 4.5 min (range 4-6 min).
No arrhythmias were associated with the bradycardia seen during periods of apnoea.
Mean arterial blood pressure rose slightly during induction, then fell as induction was completed (Table 3 ).
Discussion
The behaviour of the rabbits used in this study was similar to that observed in a previous study of the effects of halothane and isoflurane induction (Flecknell et a1. 1995) . Values are mean ± lSD, duration of apnoea given as mean and range. Data at t= 0 were recorded immediately before the onset of induction. Data at t= low are the maximum changes from baseline recorded during induction. Respiratory rates are those immediately prior to induction (t=O), and those when induction was considered complete (t= end) All rabbits showed marked tachypnoea, when compared to respiratory rates recorded in our laboratory in undisturbed resting rabbits by observation via a viewing panel (59± 9, n = 9). Tachypnoea is frequently observed in rabbits following their removal from their cage or pen and exposure to less familiar surroundings.
Since the duration of induction varied depending upon the treatment given and the duration and severity of apnoea, it was more useful to compare the maximal effects of induction on heart rate, blood pressure and blood gas parameters, rather than to attempt comparisons at specific time-points.
The protocol followed for face-mask induction was identical to that used in a previous study IFlecknell et al. 1995) , which had been derived from standard veterinary anaesthetic methodology. Because of the occurrence of periods of apnoea, inhalation of a gradually rising concentration of anaesthetic was not achieved. It should be noted that because of the physical restraint required to avoid risk of injury to the animal should it struggle, it would not normally have been possible to detect these periods of apnoea. Detection of apnoea during induction would only be likely if a respiratory monitor was employed. A re-breathing bag attached to the breathing circuit might also enable this, but the low tidal volume of rabbits (20-30 mIl makes this method unreliable. In all rabbits, after a period of apnoea, associated with bradycardia and hypercapnia, the animal inhaled a high concentration of the anaesthetic. Aside from concerns as to the risks associated with this method of induction, since most animals made violent attempts to remove the mask or escape from restraint during induction, it seems reasonable to suggest that this technique caused some degree of distress. The tendency to struggle may also result in movement of the mask and leakage of anaesthetic vapour around its edge. This would expose the anaesthetist to anaesthetic vapour, which is undesirable for health and safety reasons.
Administration of 100% oxygen for 2 min prevented the development of hypoxia, despite the prolonged periods of apnoea. It is possible that if oxygen had not been 45 administered, and hypoxia had developed, then hypoxic drive might have shortened the period of apnoea and resulted in a more rapid induction of anaesthesia. This aspect of the induction technique requires further investigation. It is generally accepted, however, that hypoxia should be prevented during anaesthetic induction, so we would recommend that rabbits be allowed to breathe 100% oxygen prior to exposure to volatile agents, to minimize the risk of hypoxia during periods of apnoea.
The mechanism responsible for the bradycardia which was seen in all animals during periods of apnoea appears similar to that associated with breath holding in man (Ferrigno et al. 1986 , Bjurstrom & Schoene 1987 . The bradycardia was not associated with any arrhythmias, and did not cause hypotension. In all rabbits, arterial blood pressure rose slightly during induction, then fell as induction was completed. This rise in pressure was probably caused by the stress of the induction technique, and may also have been influenced by the moderate hypercapnia that developed. After completion of induction, the hypotensive effects of the anaesthetic agents appeared to predominate, and blood pressure fell in all animals.
Induction of anaesthesia in the rabbit with sevoflurane results in severe apnoea and bradycardia. The behaviour of the rabbits indicated that they resented or were distressed by the procedure. It was for this reason that a further comparison with isof1urane delivered at maximal concentration was not undertaken. Its administration to one animal at the end of a previous investigation had shown that this technique resulted in immediate apnoea, and further evaluation or comparison with sevoflurane was not considered justified. It should be noted that a previous investigation (Flecknell & Liles 1996) has shown that administration of preanaesthetic medication did not prevent the breath-holding response, but rabbits which received acepromazine or medetomidine did not struggle during induction. In addition, the magnitude of the bradycardia which occurred was significantly less than in untreated animals. This suggests that administration of medetomidine or acepro-mazine may be a useful adjunct to induction of anaesthesia with volatile anaesthetics, however it is still necessary to monitor respiratory function carefully during induction.
